Importância das amilases na qualidade isiológica de sementes de milho. A qualidade de sementes está associada à soma dos atributos genéticos, físicos, isiológicos e sanitários que afetam sua capacidade para realizar as funções vitais, estando relacionada à germinação, ao vigor e à longevidade. A expressão de genes associados à qualidade isiológica pode ser avaliada por meio de análises de germinação e vigor, e ainda pelas análises de transcritos e de proteínas em sementes. Objetivou-se com este trabalho fazer uma revisão sobre a relevância das enzimas do grupo das amilases relacionadas à qualidade isiológica de sementes de milho. Dentro do grupo das amilases, a α-amilase (1,4-α-D-glucan-glucanohydrolase, E.C 3.2.1.1) é uma enzima importante na hidrólise do amido, sendo responsável por 90% da atividade amilolítica em sementes de milho. Essa enzima, a exemplo da dextrose, causa a conversão de amido em açúcares que são utilizados no crescimento do embrião. Já a β-amilase (1,4-α-D-glucan maltohydrolase, E.C 3.2.1.2) catalisa a liberação de maltose e dextrinas a partir das extremidades não redutoras do amido. Pesquisas comprovam que as enzimas amilases estão ligadas diretamente à qualidade isiológica de sementes de milho. A α-amilase e a β-amilase estão envolvidas principalmente no processo de germinação e na heterose das sementes, podendo ser também utilizadas como marcadores moleculares relacionadas à tolerância de secagem das sementes.
Introduction
Maize (Zea mays) is a crop of great economic importance, and an important component of both domestic and international agricultural markets. In order to meet grain market demands in 2013/2014, the global harvested area was 15.8 million hectares, producing approximately 425,000 tons of seeds with 90% seeds utilization rate (ABRASEM, 2014) . There has been signiicant growth in maize seed production over the last decades, with 2000/2001 harvest values signiicantly lower at 172,000 tons . Maize currently represents a signiicant portion of the national seed market, corresponding to roughly 45% (ABRASEM, 2014) .
Seed physiological quality is influenced by genotype, environment, and interactions among them (JOSÉ et al., 2004a; MEYER et al., 2012; , and genotype assessment is important component of the seed selection process in breeding programs. However, maize breeding programs lack general criteria for evaluating seed quality during the selection process, and instead rely on assays for registration of physiological features for new cultivars. After development some cultivars, even productive ones, show low physiological quality, which reduces input to the crop market.
Seeds quality is the result of the sum of the genetic, physiological, physical, and sanitary attributes which affect germination, vigor, and longevity. Physiological quality can be evaluated by means of germination and vigor analyses, as well as by analysis of gene transcripts and proteins known to be associated with quality. According to Leymarie et al. (2011) , the major group of genes that are directly associated with maize seed quality are those encoding amylases. However, other genes such as those related to desiccation tolerance, respiration, and scavenger enzymes may also be associated with physiological quality .
During the germination process, the embryo produces and secretes natural gibberellin into the endosperm. These hormones induce the development of hydrolytic enzymes such as α-amylase (EC 3.2.1.1.) and β-amylase (EC 3.2.1.2.) in the aleurone layer, which causes degradation of the locally synthesized endosperm reserves .
The enzyme α-amylase plays an important role in starch hydrolysis, and is responsible for 90% of amylolytic activity in maize seeds. It constitutes a family of endoamylases that catalyze the hydrolysis of glycosidic linkages between α-1.4 starch, glycogen, and other carbohydrates (FRANCO et al., 2002) . β-amylase is an α-1.4-D-glucan maltohydrolase (EC 3.2.1.2.) is synthesized during the seed development process , and catalyzes the release of maltose and dextrins from the non-reducing ends of starch These two enzymes are known to be related to seed quality, thus studies of gene expression in these enzymes my help us to better understand their genetic behavior, and may assist in breeding programs focused on seed physiological quality.
The objective in this study was to review gene expression in amylase enzymes linked to physiological quality of maize seeds.
Development
High quality seed is essential for success in establishing crops and obtaining high yields in maize (ABRASEM, 2014) . Some research has shown that the physiological quality of maize seed (Zea mays) is inluenced not only by environmental factors, but also by the genotype and its interactions with the environment Importance of amylases in seed quality (HOECKER et al., 2006; REIS et al., 2011; OLIVEIRA et al., 2013; . Many authors such as Rood et al. (1990) , Causse et al. (1995) , Gomes et al. (2000) , José et al. (2004b ), Hoecker et al. (2006 and Reis et al. (2011) relate quality to the inluence of heterosis or hybrid vigor in seed germination. In several of these studies, hybrid plants were found to have more eficient enzyme systems compared to other lineages. Oliveira et al. (2015) observed higher expression of amylase enzymes in hybrid seed, indicating heterosis with respect to expression of these enzymes. These enzymes play a crucial role in many metabolic reactions, including synthesis and biodegradation of molecules during development and seed deterioration (PIMENTEL et al., 2012) . This explains the higher vigor of hybrid seeds . Paleg (1965) , in biochemical studies manipulating α-amylase synthesis and subsequent hydrolysis of the seed reserves, found a direct relationship between gibberellin synthesis and maize heterosis. According to Rood et al. (1990) and Oliveira et al. (2013) , maize lineages are less vigorous than their descendant hybrids, in part because of gibberellin deiciency. These authors also found a positive correlation between seedling gibberellin content and growth rate, leaf area, and height of maize plants. The authors also report that one of the causes of endogamy depression is gibberellin deiciency. Mino and Inoue (1994) found that high germination speed and vigorous seedling growth are associated with higher metabolic expression of RNA, DNA, and proteins in embryos. The authors also found that protein and lipid metabolism in hybrid seed embryos is superior to that of single lineages, promoting greater embryonic axis growth and higher seed germination. Causse et al. (1995) observed a positive relationship between sucrose phosphate synthase (SPS) activity and initial vegetative growth in maize seedlings. The highest SPS activity, which occurred in seedlings from hybrid seeds, was also correlated with higher dry matter production . Rood and Larsen (1998) investigated the involvement of α-amylase in heterosis in maize seedlings and found that after 48 h of seed imbibition, enzyme activity and gibberellic acid content (GA 3 ) in hybrid seed was higher than in parental lines, resulting in more rapid hydrolysis of maize starch.
Among the numerous studies on maize enzyme activity, we highlight Rood and Larsen (1988) , who demonstrated a relationship between gibberellins (GAs) and amylases and heterosis. The authors evaluated two lineages and their respective hybrids, and found that the largest endogenous GA concentration in hybrid seed was associated with increased α-amylase activity in the hybrid seedlings, and thus, faster hydrolysis of starch, which serves as fuel for initial growth in seedlings. These results are consistent with the hypothesis that GAs control α-amylase biosynthesis, which is involved in the regulation of heterosis in maize seeds (OLIVEIRA, 2013).
Seed companies, as an internal control, evaluate the physiological quality of seeds by germination tests, cold tests, and artiicial aging tests (CATÃO et al., 2010; COIMBRA et al., 2009 ). In addition to the physiological tests, some studies have associated the expression of enzymes (tested through electrophoresis) with the physiological quality of seeds (JOSÉ et al., 2004b; . According to Copeland and McDonald (2001) , more sensitive assessments for detecting early seed deterioration can be made through evaluation of enzyme activity associated with biosynthesis of new tissue, as these enzymes become less eficient in terms of catalytic activity along the process of deterioration. It is in this context that α-and β-amylase expression can be associated with the physiological quality of maize seed. However, Oliveira et al. (2013) found differential expression of amylase enzymes in seeds from lineages with different levels of physiological quality, and noted that the highest expression of these enzymes does not necessarily occur in higher quality seed lineages. Andrade et al. (2013) also found that in addition to the amylase enzymes, the LEA (late embryogenesis abundant) and SOD (superoxide dismutase) proteins are also related to physiological quality in maize seeds. The LEA proteins act in membrane stabilization and cytoplasm protection during dehydration, promoting desiccation and seed storage tolerance (Hong-Bo et al., 2005) . The SOD proteins act in catalysis of superoxides (O 2 -) and conversion to hydrogen peroxide (H 2 O 2 ) (KIBINZA et al., 2011).
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The α-and β-amylases are involved in the main system of starch degradation (Vieira et al., 2008) . According to Santos et al. (2010) , identifying peaks in amylase activity during germination is essential, since the amylase activity can be detected during the beginning of seed germination, and its primary role is providing substrate for use in seedlings until they become eficient photosynthetically. Aragão et al. (2003) found the highest germination rates and vigor in maize seeds with the greatest α-amylase activity. Ferreira et al. (2007) also found the highest biostimulant eficiency in maize seeds with the highest α-amylase activity. A survey conducted by Muniz et al. (2007) showed that even allelopathic effects of weeds in crops such as maize, beans, soy, and lettuce can be analyzed using α-amylase and β-amylase activity assays, since these enzymes suffer direct interference by allelochemicals, resulting in lower eficiency and consequently, lower seed germination rates and less vigor.
RT-PCR is an eficient method for identifying α-amylase expression during seed germination (DANTAS et al., 2002) . Oliveira et al. (2013) used qRT-PCR to study the amylase expression in seeds from maize lineages with different levels of physiological quality, and concluded that this technique can be used to assist in genotype selection in breeding programs by facilitating elimination of genotypes with lower quality seeds in early stages of selection. Vieira et al. (2008) found that many seed dormancy types arise from the blockade of α-amylase action. Timóteo and Marcos-Filho (2013) propose that seed storage potential should be evaluated by germination and vigor assays, as well as through assessment of isoenzyme activity, including α-amylase. Wattanakulpakin et al. (2012) showed that artiicially aged seeds have reduced α-amylase activity. This result differs from that of Ramos and Carneiro (1991) , which observed an increase of amylase enzyme activity with increased aging time.
In Zea mays, α-and β-amylases are important because maize seed is rich in starch, the main reserve substance, which represents 70% of the total grain weight (WU et al., 2009) . Common maize starch is a mixture of approximately 28% amylose and 72% amylopectin.
During seed germination, the insoluble reserves with high molecular weight are degraded and converted to soluble forms, which are quickly transported to tissue for growth and use in synthesis reactions or energy production . According Bewley et al. (2013) metabolic modiications during germination result from activity of many enzymes, including the α-and β-amylases. β-amylase is an α-1.4-D-glucan malto hydrolysis (EC 3.2.1.2.) that catalyzes the release of maltose and dextrins from the non-reducing ends of starch. β-amylase is synthesized during seed development process (MASON-GAMER, 2005) . In dried seeds β-amylase is found in two forms: a free, active form; and a less active form which represents approximately 75% of total β-amylase. β-amylase actively released during germination is accompanied by additional accumulation of its isoforms (SOPANEN; LAURIÈRE, 1989; OLIVEIRA et al., 2013) .
The enzyme α-amylase is important in starch hydrolysis, accounting for 90% of amylolytic activity in maize seeds (LI et al., 2007) . It drives starch conversion into sugars used for embryo growth (HENNING et al., 2010) . The α-amylases constitute an endoamylase family which catalyze the hydrolyzing the α-1.4 glycosidic linkages in starch, glycogen and other carbohydrates (FRANCO et al., 2002) . It is usually not present in dry seed, and is synthesized and secreted in the aleurone layer during germination (KIGEL; GALILI, 1995) . Synthesis of this enzyme occurs in response to signals produced by the embryo (ARAGÃO et al., 2001) . Studies on the development and hormonal regulation of gene expression revealed that induction of α-amylase results in de novo synthesis, accompanied by a pronounced increase in mRNA for protein manufacture. In cereals, this induction responds positively to gibberellins (GA) and negatively to abscisic acid. Gibberellin is secreted by the embryo in the aleurone layer and scutellum, inducing α-amylase mRNA synthesis which increases in parallel with enzyme synthesis activity in the cotyledon (BECK; ZIEGLER, 1989) . According to Oliveira et al. (2013) , the highest amylase enzyme expression is observed in imbibed maize seeds. Vieira et al. (2002) also noted that there was an increase in α-amylase activity after imbibition. However, Fries et al. (2007) showed that in Importance of amylases in seed quality conditions of water excess, α-amylase enzyme activity is greatly reduced.
The synthesis and segregation of α-amylase begins in the scutellum rapidly and for a brief period, no later than the fourth day, since the aleurone layer needs more time to accomplish the synthesis and segregation of α-amylase. However, the aleurone layer can secrete higher quantities of α-amylase and for a longer period of time. It is estimated that the peak in α-amylase synthesis occurs between ive and seven days, gradually decreasing until the end of germination (SUBBARAO et al., 1998) .
Gibberellins are involved in regulating mobilization of reserves, however, germination and seedling growth may occur after seed imbibition, thus seed drying is required to sensitize the aleurone layer to gibberellic acid and activate α-amylase synthesis (ROSA et al., 2000; OLIVEIRA et al., 2013) . During seed germination, the gibberellins are synthesized in the embryo and secreted in the aleurone layer (LOVEGROVE; HOOLEY, 2000; CHEN et al., 2013) . In the aleurone cells, the gibberellins are detected by receptors such as GID1, degrading negative regulators (e.g., DELLA proteins) and iincreasi cytoplasmic Ca 2+ and cGMP, which then causes induction of trans-activators induction and α-amylase expression (NAKAJIMA et al., 2006; XIE et al., 2007) .
According to Oliveira et al. (2013) and Carvalho and Nakagawa (2012), many studies have been developed to detect the various metabolic reactions involving the synthesis and degradation of molecules during maize development, germination, and seed deterioration. These authors claim that during the seed maturation phase, analysis of reserve material accumulation through molecular markers may allow assessment of seed quality, and that α-amylase activity has been used as marker for desiccation tolerance in maize seeds. This result is in agreement with that of José et al. (2004b) , in which isoenzymatic proiles for α-amylase showed a higher bandwidth for lineage and hybrid seeds that are tolerant to high drying temperature. Further, Andrade et al. (2013) also found expression of these enzymes in in relation to heat resistance in maize seeds. Biazus et al. (2006) in their work concluded that amylases work at optimum temperature range from 25 °C to 30 °C.
In general, our review indicates that amylase enzymes are connected directly to physiological quality of maize seeds. The enzymes α-amylase and β-amylase are mainly involved in the germination process and seed heterosis, and may also be used as molecular markers for traits related to seed quality.
